I. INTRODUCTION
Modelling and simulation of complex systems are important topics which are common to all fields of engineering and science. The problem addressed in this communication deals with interconnected systems modelling, i.e. physical systems composed of interconnected (energy-conserving) subsystems. Such systems are widespread in industry, e.g. batch processes in chemical industries [I] , drive-train processes in iron and steel industries or power plants in energy industries [2].
The applications of object-modelling techniques in control and automation mainly concern the development of 'High-fidelity' dynamic models, i.e. models for simulation, training, safety cemfication or reconfigurable control purposes [3] . Since the end of Seventies, efforts have converged to develop object-oriented languages for physical systems [7] . However, it was necessary to await the end of the Eighties to get efficient platforms of simulation able to deal with differential algebraic equations systems with high index [SI. All these advances have provided languages and compilers for a consistent simulation of complex systems. However, one can wonder ahout the interest in having so many languages and compilers. Moreover, their frequent evolutions can become a serious drawback for the capitalization of the modelling efforts.
Hence it would be interesting for the modelling procedure to be initially independent on any programming language. The behavioral formalism of systems theory proposed by Willems in 1986 [9] provides a mathematical paradigm for interconnected systems modelling and could be an answer The first goal of this communication is then to examine the suitability of the behavioral formalism'for the description of the object-oriented paradigm in order to provide a bridge between them. A second objective is to develop an object-oriented model structure (multiport diagram) and a modelling procedure that would initially be independent from any existing modelling Ianguage. The last objective is to show that the implementation effort of the multipolt diagram into a modelling language like Modelica is small.
MAIN CONCEPTS OF OBJECT-MODELLING

TECHNIQUES
In this section, the behavioral formalism [lo] is borrowed to describe the main concepts of object-orientation. Table I summarizes some basic notations used herein.
A. Concept of object
One main specification of the object-modelling paradigm is to gather data and data processings in the same autonomous structure called object. In the behavioral framework, this process of encapsulation of data and behavior can be defined by Eq. (1).
where 0 denotes the object, UO: the data universum,Bo: its behavior and Po contains its communication ports or interfaces by which it communicates with its environment. A major difference between the objects used at the origin in programming languages and those used for physical systems modelling is that contrary to conventional objects, physical models are associated to a temporal semantics. Consequently, the data universum can be defined by:
where T denotes the time axis, 0 : the parameter space, W: the variable space and x the Cartesian product. The behavior of an object can then be expressed in the form of behavioral equations: 
where: w(t) and l ( t ) correspond to the vectors of manifest and latent variables respectively. W is the manifest signal space and L the latent variable space.
B. Concepts of class and instance
Objects are organized in classes. A class is a paradigm defining the behavior and the variables for a particular type of object. Any object designed from this paradigm is an instance of this class. Instances are the physical representations of objects in the model. The class-instance relationship is symbolized by +. But the inheritance process also implies that each class of a hierarchy inherits the data of its superclasses, which implies that :
UA C UE/A. 
A. Module class
As shown in Fig. 1 : the general description of a module object class: 0 is based on five attributes. Its'identity is composed of its name relative to the function of the component and can be completed by an icon which graphically represents the object. Its behavioral model : BO is defined by the Eq. (6) where f1(.), f2(.) express the behavioral equations of the object. Other formalisms such as transfer functions, block diagrams, bond graphs, Petri nets, etc! can used to describe the behavior of the object. 0 is a vector of parameters and ( w ( t ) , l ( t ) ) are the manifest and latent variables of the model. Its data universum is defined by
interfaces by which it communicates with its environment, PO is a set of port instances, defined by :
where P0.k is the kth port instance of 0. Its colour defined, by analogy with the system identification terminology, according to the apriori knowledge about the object, i.e. : white box if the theoretical laws or physical equations and the values of parameters are known, g w box if there only exists a partial knowledge about the object, i.e. values of some parameters or the mathematical sbuchue of physical equations or black box if no a priori knowledge about the object is available.
B. Port class
A port is a terminal of communication attached to an object. Two main classes of ports are considered the power ports and the information ports which allow objects to exchange energy and information flows respectively. The class of power ports is seperated in two subclasses : the physical (Pp) and the thermodynamical (PT) ports while the class of information ports is decomposed in signal (Ps) and data (PD) ports.
As shown in Fig. 2, physical (a(t), 9(t) ). The power P ( t ) associated with a physical port is given by : P(t) = a(t) .9(t). By convention, the positive flow of through variables is oriented into the module. This convention is used to establish the power balance equation in each module. 
IV. AN EXAMPLE A. Tank system
As shown in Fig. 3 , the system is composed of two 
where pY(t) and pd(t) are the pressures of the fluid at the top and at the bottom of the tank respectively. q(t) is the flow rate and h(t) is the level of water in the tank. p is the water density, g is the gravitation constant and A is the section area of the tank Its interface is defined by : 
the upstreddownstream pressures, the flow rates at the upstreddownstream ports and the binary control signal respectively. The latent variable l(t) of the valve is composed of its openingklosure state, the differential pressure and the intemal flow rate. It is assumed that the valve is always kept in a normal state, i.e : PI = true at t = 0 with TI = TZ = false. Its ports are defined by :
where Pov.~,Pov.z e= Pp are two physical ports and Poy.3 P 0 V . l = bl(t),ql(t)) (
Ps+ an input signal port given by :
pov.2 = Oh(t),QZ(t))
pOV.3 = (u(t)).
(30) Parameters and constitutive laws of the components are supposed to be completely known. Consequently, their modules are described by white objects in the UML. class diagram, Fig. 4. 
D. Multiport diagram the model, are defined by :
The three modules instances: 7 1 , 7 2 and OV1, used in B71 = BT(P, gt AI,Pul(t)rPdl(t)i 91 (t), hl(t)) 8 7 2 = BT(P > S', Az, Puz(t), PdZ( t), QZ(t)r hz (t))
BOVI Bov/A(%I, P3@)3 P4(t), 43 (t), Q4(t)r 211 (t))
The latent variables have been removed from those definitions in order to lighten the equations. The multiport diagram of the tank system, presented in Fig. 7 The graphical user interface of Dymolaa allows to add icons in the definition of the modules. The implementation of the multiport diagram into the graphical environment of Dymola is presented in Fig. 8 . The latter emphasizes the similarity between the implemented model and the process and instrumentation diagram of the systemin Fig. 3 
E. Implementation into Modelica
